The critical micelle concentration (cmc) is an important parameter of surfactants, and many methods (more than 20) are available for determining it.1) However, many of these methods suffer from poor reproducibility, difficult procedure, requirement for a large amount of sample, etc. In the case of nonionic surfactants, the cmc is generally difficult to measure2) because it is very low, and the surface tension method has been applied most frequently.
The absorption spectrum of a drug dissolved in a micellar solution showed shifts of the maximum absorption wavelength compared with that in aqueous solution, and we have utilized this effect for determining the cmc of surfactants. In this method, the first derivative absorption spectrum (FDAS) is used to evaluate the wavelength of the absorption maximum, and so the method is called the FDAS method.34) Measurement of cmc by employing changes in the absorption spectrum of a dye (dye absorption spectrum method)5-10) has been reported, and the FDAS method is similar. The differences between the FDAS method and the dye absorption spectrum method are as follows. In the former, only the change of the wavelength of the drug is utilized, and the first derivative absorption spectrum is used. Therefore, a smaller change of the absorption spectrum can be detected by the FDAS method. In addition, the region of measurement is Vol.36 (1988) 200-900 nm. Fig. 7 , the points determined by the surface tension method deviate from the straight line (A-C) before complete arrangement of molecules of the surfactant on the water surface, and follow the curve (B-D). However, the cmc value is obtained as the cross-point (C point: theoretical value) of the two straight lines. As this C is the value before micellar formation (premicellar region), a slightly lower value than the cmc is obtained. On the other hand, the cmc value by the FDAS method is obtained as the D point, namely at the point where the shifts are caused by the drug incorporated into the micellar phase after micelle formation. Since the cmc is the concentration of micelle formation, the cmc obtained from the FDAS method may be nearer to the true value. The features of the FDAS method are as follows: 1) only a small amount of sample is needed for the measurement, 2) the titration method is used, 3) a short time is enough for measurement, 4) the wavelength of the absorption maximum is obtained directly from the crossing-point of the first derivative absorption spectrum and the base line and 5) high reproducibility is obtained. Moreover, this method has the advantages that it is possible to determine the cmc of ionic and nonionic surfactants, and the temperature of measurement can be precisely regulated.
In addition, the cmc values of a given surfactant obtained with different alkylparabens or alkyl gallates are the same, and the shift-length increases with increasing alkyl chain length of the alkylparabens (or alkyl gallates). Therefore, the order of suitability of alkylparabens for measurement of the cmc by the FDAS method is butyl-> propyl-> ethyl-> methylparaben, and that of alkyl gallates is propyl-> ethyl gallate, though the order is reversed from the standpoint of dissolution time for sample preparation.
